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DIGITAL MAP TRACKING APPARATUS AND
METHODS

FIELD

The present disclosure i1s generally related to devices,
systems, and methods of tracking movement on a digital
map, and more particularly to devices, systems and methods
of tracking movement based on motion sensor data.

BACKGROUND

Electronic devices, such as smart phones and other com-
puting devices, may execute software configured to render
and display maps. In some examples, the electronic devices
may 1nteract with global positioning satellites to determine
a geophysical location of the electronic device and to update
the position of an indicator of the electronic device on a
digital map, which may be presented to a display of the
clectronic device. One possible example of such a system
may provide automotive driving instructions to guide a
driver to a selected destination.

SUMMARY

In some embodiments, an apparatus may include a circuit
that has a first input to receive motion data from at least one
of a motion sensor and an optical sensor and that has a
second mput to receive directional data corresponding to the
motion data. The circuit may further include an input/output
interface configured to provide data to a display and a
control circuit coupled to the first input, the second nput,
and the input/output interface. The control circuit may be
configured to determine a current position based at least 1in
part on the motion data and the directional data and update
an 1dicator on a digital map based on the current position
determined from the motion data.

In other embodiments, a method may include determining,
a current position based on data from at least one of a motion
sensor and an optical sensor of an apparatus and updating an
indicator representing the current position on a digital map
provided to a display associated with the apparatus in
response to determining the current position.

In still other embodiments, a data storage device may
include 1nstructions that, when executed, cause a processor
to determine a current position based on data from at least
one of a motion sensor and an optical sensor. The data
storage device may further include instructions that, when
executed, cause the processor to update a position of an
indicator on a digital map based on the current position.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a system including an
apparatus to track movement on a digital map, 1n accordance
with some embodiments of the disclosure.

FIG. 2 1s a diagram of a system including an apparatus to
track movement on a digital map, 1n accordance with some
embodiments of the disclosure.

FIG. 3 1s a diagram of a digital representation of a portion
of a digital map on which movement may be tracked, 1n
accordance with some embodiments of the disclosure.

FIG. 4 1s a block diagram of a system including an
automotive system configured to track movement on a
digital map, 1n accordance with some embodiments of the
disclosure.
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2

FIG. 5 1s a diagram of an automotive system configured
to track movement on a digital map based on sensor data, in

accordance with some embodiments of the disclosure.

FIG. 6 15 a diagram of an embodiment of an interior of the
automotive system of FIG. 5.

FIG. 7 1s a block diagram of a system including a vehicle
system configured to track movement on a digital map, 1n
accordance with some embodiments of the disclosure.

FIG. 8 1s diagram of a system including an airplane
configured to track movement on a digital map, 1n accor-
dance with some embodiments of the disclosure.

FIG. 9 1s a flow diagram of a method of tracking move-
ment on a digital map, in accordance with some embodi-
ments of the disclosure.

In the following discussion, the same reference numbers
are used in the various embodiments to indicate the same or
similar elements.

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

T

One or more aspects or features of the subject matter
described herein can be realized in digital electronic cir-
cuitry, imtegrated circuitry, specially designed application
specific mtegrated circuits (ASICs), field programmable
gate arrays (FPGAs) computer hardware, firmware, sofit-
ware, or combinations thereof. These various aspects or
features can include implementation 1n one or more com-
puter programs that are executable or interpretable on a
programmable system including at least one programmable
processor, which can be special or general purpose, coupled
to recerve data and instructions from, and to transmit data
and instructions to, a storage system, at least one 1nput
device, and at least one output device. These computer
programs, which can also be referred to as programs,
soltware, software applications, applications, components,
or code, mnclude machine instructions for a programmable
processor, and can be implemented 1n a high-level proce-
dural or object-oriented programming language, or 1n
assembly/machine language.

Embodiments of systems, methods, and apparatuses are
described below that can be configured to determine move-
ment of a device in order to determine a current position
(relative to a previously known position), to correlate the
movement to a digital representation of the surrounding
terrain, and to update a position of an indicator on a digital
map to retlect the current position. In some embodiments,
the movement may be determined based on sensor data, such
as pedometers, speedometers, motion sensors, or any com-
bination thereot. In some embodiments, movement data may
be supplemented by visual data determined from one or
more optical sensors or from 1nput data provided by a user.
In some embodiments, the movement data, the optical data,
or both movement and optical data may augment global
positioning satellite (GPS) data, when available, to enhance
the accuracy of the GPS data with respect to the actual
geophysical location of the device.

In some embodiments, the apparatus may be a hand-held
clectronic device, such as a smart phone or other device,
which may be battery powered and which may carried or
worn by a user. In some embodiments, the apparatus may be
coupled to a larger system, such as an automobile or a boat,
and, 1n some 1nstances, may couple to on-board computing
systems to determine the location of the electronic device. In
some embodiments, the apparatus may be integrated within
a larger system, such as an automotive system, an aeronau-

tical system, another system, or any combination thereof. An
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example of an electronic device configured to track move-
ment on a digital map i1s described below with respect to
FIG. 1.

FIG. 1 1s a block diagram of a system 100 including an
apparatus to track movement on a digital map, in accordance
with some embodiments of the disclosure. The apparatus
may be an electronic device 102, which may be a portable
computing device, such as a smart phone, a tablet computer,
a laptop computer, another data processing device, or any
combination thereof. The electromic device 102 may be
configured to communicate with a global positioning satel-
lite (GPS) system 104 through a network 106 to receive GPS
data specilying a geophysical location of the electronic
device 102.

The electronic device 102 may include a processor 108
coupled to a GPS circuit 110 that may be configured to
communicate with the GPS system 104. The electronic
device 102 may also include one or more optical sensors 112
coupled to the processor 108. In some embodiments, the
clectronic device 102 may further include a laser range
finder (LRF) circuit 113. The electronic device 102 may also
include an imput/output (I/0) iterface 114, which may
include one or more connection ports configured to couple
to external devices (such as one or more external sensors
146) and which may include a touchscreen 1135. The touch-
screen 1135 may be configured to display images and text and
to receive mputs via user interactions with user-selectable
clements presented on the touchscreen 1185.

The electronic device 102 may also include one or more
sensors 116 coupled to the processor 108. The sensors 116
may 1nclude an altimeter 120, a pedometer 122, a compass
124, a pace counter 126, other sensors 128, or any combi-
nation thereof. In some embodiments, the sensors 116 may
include gyroscopes, accelerometers, and other movement
sensors. In some embodiments, the compass 124 may be a
gyroscopic X, vy, and z-axis compass, which may be cali-
brated using GPS data. The compass 124 may include a
“lock and stow” feature that allows 1t to understand the
difference, 1n degrees, between the direction of travel and the
position of the compass 124 on the user’s body. The altim-
cter 120 may be recalibrated periodically or 1n response to
a reset operation. During recalibration, the altimeter 120
may utilize elevation data from the location provided on a
map, from GPS coordinates, or based on other inputs.
Further, the altimeter 120 may measure changes 1n altitude
during periods of time between recalibrations. The recali-
bration process may defeat errors caused by changes in
barometric pressure that can be caused by inclement
weather. In some embodiments, digital contour lines in the
digital map data may be used 1n conjunction with altitude
data from the altimeter 120 as location bufler data to ensure
an accurate fix during significant elevation changes.

The electronic device 102 may further include a memory
118 coupled to the processor 108. The memory 118 may be
configured to store data and to store instructions that, when
executed, may cause the processor 108 to determine location
data associated with the electronic device 102 and to update
an 1ndicator representing the location data on a digital map.
The memory 118 may include a controller 130 that, when
executed, may control operation of the electronic device
102. The memory 118 may further include a graphical user
interface (GUI) generator 132 that, when executed, may
cause the processor 108 to generate a user interface includ-
ing one or more user-selectable elements (buttons, tabs,
menus, text fields, etc.). The memory 118 may also include
a digital map generator 134 that, when executed, may cause
the processor 108 to provide a digital map withun the GUI.
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The memory 118 may further include a motion correlator
136 that, when executed, may cause the processor 108 to
correlate data from the sensors 116, the optical sensors 112,
the GPS circuit 110, or any combination thereof, to the
physical world represented by the digital map. The memory
118 may also include a position tracker 138 that, when
executed, may cause the processor 108 to determine a
current location of the electronic device based on the cor-
related data and to update the current location by adjusting
a position of an indicator within the digital map. In some
embodiments, the memory 118 may include a laser range
finder (LRF) controller 140 that, when executed, may cause
the processor 108 to control the LRF circuit 113. The
memory 118 may further include a GPS enable/disable
module 142 that, when executed, may cause the processor
108 to seclectively disable or enable the GPS circuit 110.
Additionally, the memory 118 may include a learning mod-
ule 144 that, when executed, may cause the processor 108 to
learn pace and other information associated with a particular
user.

In some embodiments, the electronic device 102 may be
calibrated when the GPS circuit 110 1s enabled to provide
user-specific, pace count learning. In some embodiments,
the GPS circuit 110 receives GPS location data 1n conjunc-
tion with receipt of pedometer data from the pedometer 122
and orientation data from the altimeter 120 and the compass
124 while the processor 108 executes the learning module
144 to learn the user’s stride, as 1t correlates to actual
progress 1n the real world (and as the movement 1s presented
on a digital map provided to the touchscreen 115). The
learning module 144 can operate 1n the background, con-
tinuously “learning”, allowing the electronic device 102 to
learn about the user over time, until the user wants to enter
a non-learning mode, such as a “shadow mode,” which 1s a
GPS signal free mode. During the learning mode, the
learning module 144 may perform slope error calculations
automatically to correct errors between user’s current posi-
tion and planned waypoints within a threshold range along
the direction of travel, mitigating “step to distance™ errors,
which may be caused by two-dimensional versus three-
dimensional map distances. In some embodiments, the user
may interact with the touchscreen 115 to override all inputs,
and simply reset his/her position indicator when he 1s at a
known point. In some embodiments, the various 1inputs from
the GPS circuit 110, the optical sensors 112, the LRF 113,
the sensors 116, the touchscreen 115, and other mputs may
be prioritized 1n terms of reliability. One possible prioriti-
zation order may include a hard reset from GPS, optical
landmark recognition or user input, pace and heading 1nputs,
GPS 1puts, and altimeter inputs.

In some embodiments, external sensors 146 may be
provided 1n the user’s shoes that read separation from each
other, providing enhanced pace count accuracy. The pace
count information may be correlated to movement on the
digital map.

In some embodiments, the electronic device 102 may
determine a digital map corresponding to a physical location
of the electronic device 102. The electronic device 102 may
determine the digital map based on a user selection or a
current GPS location. Further, the digital map may be
retrieved from a plurality of digital maps stored in the
memory 118, may be installed by the user (such as via a
thumb drive coupled to the I/O interface 114), or may be
retrieved from a server via the network 106. In some
embodiments, the electronic device 102 may be configured
to generate a digital map based on data from the optical
sensors 112, the LRF 113, and the sensors 116. In a particular
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example, the electronic device 102 may determine range
data and orientation data for one or more objects within a
field of view of the optical sensors 112 and may generate a
digital map corresponding to the scanned view area, which
map may be presented to the user via the GUI.

Once a map 1s selected or generated, the electronic device
102 may position an indicator on the digital map to represent
a physical position of the electronic device 102. The position
of the electronic device 102 may be determined based on
GPS coordinates from the GPS circuit 110. In some embodi-
ments, such as when the GPS circuit 110 1s disabled or the
GPS signal 1s not available, the electronic device may
determine the physical position of the electronic device 102
based on available optical data, such as correlation of a
relative distance and orientation to an object that 1s within
the view area of the optical sensors 112 and that 1s repre-
sented on the digital map.

In some embodiments, the electronic device 102 may
detect movement based on signals from sensors 116, which
movement data may be processed to determine a change in
the physical position of the electronic device 102. The
processor 108 may execute the motion correlator 136 to
correlate the movement data to the digital map representing
the physical area and may provide the correlated data to the
position tracker 138, which may be utilized to update the
position of the indicator on the digital map to represent the
change the location of the electronic device 102 1n the real
world.

In some embodiments, the electronic device 102 may
determine the movement based on data from the pedometer
122 as well as directional data from the compass 124 and
altitude data from the altimeter 124. Further, the electronic
device 102 may utilize data from the other sensors 128, such
as gyroscopes and other sensors, to determine a movement
vector 1n three dimensions, which movement data can be
correlated to the topographical features of the digital map. In
some embodiments, the electronic device 102 may be con-
figured to capture optical data corresponding to constella-
tions and may be configured to determine movement of the
clectronic device 102 based on changes in the relative
position of the constellations over time as determined rela-
tive to a precise directional indicator, such as a digital
compass heading.

In certain embodiments, the electronic device 102 may
determine a current position 1n the real world without using
GPS coordinates, allowing the electronic device 102 to track
movement and to determine position information even when
GPS information 1s intermittent or unavailable. In some
embodiments, the electronic device 102 may determine the
position information based on movement relative to an
initial position, which movement and position information
may be correlated to the digital map so that the current
position of the electronic device may be represented accu-
rately. In the event that GPS 1s available, the electronic
device 102 may enhance the GPS data with adjustments
based on movement data and optical data to refine the GPS
position information.

In some embodiments, when not 1n the “shadow” (non-
GPS) mode, the electronic device 102 may perform auto-
matic, intermittent GPS {ixes during travel, to check tracking
while conserving battery. In some embodiments, the inter-
mittent GPS {fixes may be configured to update the current
position up to approximately 3 m of accuracy, or approxi-
mately 5 minutes of searching for signal, whichever occurs
first. In some embodiments, when a route 1s loaded, the
clectronic device 102 may have the ability to determine
landmarks or objects associated with the route, such as turns,
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structures, and so on. The electronic device 102 may selec-
tively retrieve GPS coordinate data when 1in proximity to
those landmarks or objects. In some embodiments, the
clectronic device 102 may also recognize non critical por-
tions of the route (such as lengthy stretches of road with no
turns) and may minimize GPS usage during such portions to
conserve battery power and processing power.

FIG. 2 1s a diagram of a system 200 including an
apparatus (such as the electronic device 102) to track
movement on a digital map, i accordance with some
embodiments of the disclosure. The system 200 includes all
ol the elements of the system 100 1n FIG. 1. The electronic
device 102 includes a touchscreen interface 115, which, in
this example, depicts a topographical map (an example of a
digital map) including a starting location 206, a dashed line
showing a path 208 traversed, and a current location (current
position) 210 of the electronic device 102. The map may
further include a selected destination 212, which may be set
by a user, such as by touching the touchscreen 115. The map
may further include a directional indicator, such as arrow
214, indicating the direction the user must turn toward 1n
order to reach the selected destination 212.

In some embodiments, as a user walks while holding the
electronic device 102 1n his/her hand, the electronic device
102 may update the directional indicator by moving it on the
display to correspond to the user’s movement relative to the
real world as represented by the digital map. As the user
turns or changes direction, the orientation of at least one of
the directional indicator 214 and the digital map may also
change relative to the orientation of the touchscreen 115 to
assist the user 1n orienting and reaching the selected desti-
nation. As discussed above, the electronic device 102 may
determine the current position based on GPS data, move-
ment data, optical data, range data, or any combination
thereof.

FIG. 3 1s a diagram of a digital representation of a portion
of a digital map 300 on which movement may be tracked, 1n
accordance with some embodiments of the disclosure. The
digital map 300 may be a digital rendering of a stored map,
may be generated from optical data combined with range
data, or any combination thereof. The digital map 300 may
include an indicator 302 corresponding to a position of the
electronic device 102. Further, the electronic device 102
may divide the digital landscape into grid lines, such as lines
304 and 306, which may be used to determine distance
traveled 1n the digital realm. Physical objects, such as trees
308, mountains 310, and other structures 312 may be
represented as well.

The digital map 300 may be pre-rendered, turming satellite
and elevation data of real terrain into a virtual 3D environ-
ment. An avatar 302 representing the user or the electronic
device 102 may be moved through the virtual 3D environ-
ment, progressed accurately using data input by physical
events (pace counter, altimeter, compass) for the purpose of
real world navigation.

As the user moves 1n the real world, motion data may be
determined from movement data determined by sensors 116,
from optical data determined from optical sensors 112, from
range data from the LRF 113, or any combination thereof.
The motion data may be correlated to the grid lines 304 and
306 1n the digital map 300, and at least one of the position
of the indicator 302 and the relative positions of the objects
(1.e., the trees 308, the mountain 310, and the structure 312)
may be updated 1n response to the motion data.

It should be appreciated that the digital map 300 1s an
illustrative example, which may parallel tracking of move-
ment 1n gaming environments. However, the grid lines 304
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and 306 and the tracking of movements 1n this example
utilizes the actual movement data determined using the
sensors, rather than joystick-type gaming instructions on
which a game application may operate. By utilizing the
motion data, including directional data, elevation data and
the like, the relative movement of the electronic device may
be determined relative to the digital map 300, and such
movement may be tracked to provide an indication of the
position of the electronic device 102.

In some embodiments, the digital map 300 may be
internal to the electronic device 102, while the shown on the
touchscreen 115 1n FIG. 2 15 actually presented. However,
the electronic device 102 may utilize the movement-tracking,
aspect of the grid lines 304 and 306 to track movement and
to correlate the movement to the distance represented in the
digital map.

FIG. 4 1s a block diagram of a system 400 including an
automotive system 402 configured to track movement on a
digital map, 1n accordance with some embodiments of the
disclosure. The system 400 may include the electronic
device 102 configured to couple to the automotive system
402. In some embodiments, the electronic device 102 may
be integrated 1nto the on-board electronics of the automotive
system 402.

In some embodiments, the automotive system 402 may
include a processor 404, which may be coupled to the
clectronic device 102 through an input/output (I/0O) interface
406. The processor 404 may be coupled to one or more
motion sensors 408, optical sensors 410, a GPS circuit 412,
and a memory 414. The processor 404 may also be coupled
to one or more components ol a dashboard 416 of the
vehicle, such as a touchscreen 424 and other elements 426.

In some embodiments, the motion sensors 408 may
include a compass 418, a speedometer 420, and other
sensors 422. The other sensors 422 may include slip control
sensors, rim or tire sensors, axial rotation sensors (which
may be located on the rims or axles of the vehicle, and so
on).

In some embodiments, the memory 414 may include data
(such as stored maps and other information) and may
include instructions that, when executed, cause the processor
404 to communicate with the electronic device 102 to
determine a position of the vehicle. In some embodiments,
the memory 414 may include a dashboard control module
428 that, when executed, causes the processor 404 to update
data on the dashboard elements, such as a digital speedom-
cter, a digital fuel gauge, other digital dashboard compo-
nents, the GUI presented on the touchscreen 424, and other
clements.

In some embodiments, the automotive system 402 may
present a GUI including a digital map having an indicator
representing a position of the automotive system 402 rela-
tive to the locations represented by the digital map. In some
embodiments, the position of the indicator on the digital map
may be moved to represent movement sensed by the motion
sensors 408 or may be moved to reset the location of the
indicator 1n response to optical data from the optical sensors
410, 1n response to a user iput, or 1 response to GPS data.

In a shadow mode, such as when GPS 1s disabled or
unavailable, the processor 404 may determine movement of
the automotive system 402 based on motion data from the
motion sensors 408. In some embodiments, the processor
404 may communicate the motion data, optical data, and
other data to the electronic device 102, which may correlate
the motion data to a digital map to update the position of an
indicator on the digital map to retlect the movement data.
The electronic device 102 may provide data related to at
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least one of the indicator and the digital map to the auto-
motive system 402 for display on the touchscreen 424. In
some embodiments, the correlating functions, the position
tracking functions, and map updating functions may be
performed by the automotive system 402 without the assis-
tance of the external electronic device 102.

In some embodiments, the motion sensors 408 may
include one or more sensors external to the automotive
system 402. In a particular example, the motion sensors 408
may include two sensors that may be positioned 1nside of a
wheel well. One of the sensors may be fixed on the axle, and
the second piece inside of the rim. These sensors count
rotations and live feed the data to the processor 404 via the
I/O mtertace 406 (1n FIG. 4). In some embodiments, the
signals from the two sensors allow the processor 404 to
determine the differential rotations.

In some embodiments, the optical sensors 410 may
include front-facing, side-facing, downward facing, or any
combination thereol. In some embodiments, the optical
sensors 410 may include a downward facing camera or laser
range finder that uses road texture to calculate exact speed
of travel. In some embodiments, the optical sensors 410 may
have a set field of view and optical signals from the optical
sensors 410 may be used to track the speed at which the little
teatures of the road surface pass by, most likely 1n frames per
second, to maximize accuracy. The laser range finding
circuit can use the rapidity of 1ts reflections oil of the textural
features of the road (range to such features and changes 1n
range over time) to measure speed. Used in conjunction with
the GPS coordinates, the laser range finding circuit or the
optical sensors 410 may be used to facilitate pace counter or
learning. In conjunction with GPS, the processor 404 can
execute a learning module, such as learning module 144 1n
FIG. 1, which may be incorporated in memory 414. The
learning module 144 may utilize the sensor data and the GPS
data to learn driving nuances specific to the user, as the
vehicle’s movement correlates to actual progress on the
map. This learning module may run in the background,
continuously “learning” until the GPS signal 1s lost or
disabled, 1.e., when the automotive system 402 enters a
“Shadow” mode.

In some embodiments, over time, tire tread wear may
alflect distance traveled per rotation, thereby aflecting accu-
racy of rnim/axle sensors. The GPS-enabled learning/moni-
toring using the learning module, may help to detect these
subtle changes and account for them.

In some embodiments, the motion sensors 408 may
include a digital compass, which may provide a gyroscopic
X, v and z axis directional signal, which may be calibrated
based on the GPS data, automatically. When the GPS data
indicates that device 1s progressing along a road with a
known bearing, the compass may be calibrated to retlect the
known bearing. Intermittent checks can be performed to
provide mtermittent GPS fixes. In shadow mode (1.e., when
GPS 1s not available or disabled), the processor 404 may rely
on all other inputs to determine that the device 1s progressing
down a road of a known azimuth. If the heading on the
compass 1s 1n contlict with the known road, the compass can
be re-calibrated to match the known azimuth. Further, in
some 1nstances, the sensor data may be used to detect
contours, 1dentity changes in heading, and so on to deter-
mine and correlate motion data to progress on the digital
map through all turns and bends, even when GPS 1s disabled
or unavailable. It 1s also possible to provide a calibrated
digital altimeter, which may be recalibrated at regular inter-
vals based on elevation data from provided by the GPS, map
data, or by other inputs. Between calibrations, the altimeter
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may measure changes in altitude. Errors detected at re-
calibration may be accounted for and may be used to adjust
the altimeter measurements 1n the future. Digital contour
lines 1n the map data may be used in conjunction with the
altimeter as location buflers, to ensure an accurate fix during
significant elevation changes. Further, the motion sensors
408 may 1nclude a t1lt sensor configured to 1dentity gradient
and to use the gradient data to rectily location on the road
map, which may include elevation data.

In some embodiments, the optical sensors 410 may
include upward-facing optical sensors that may be config-
ured to sense overpasses and trailic lights. Such sensed data
may be used to reset the positional data during navigation.
Further, side-facing optical sensors may be used to detect
structures, landmarks, intersections and the like in order to
reset the positional data.

FIG. 5 1s a diagram of an automotive system 500 config-
ured to track movement on a digital map based on sensor
data, 1n accordance with some embodiments of the disclo-
sure. The automotive system 500 includes an automobile
602 including the automobile system 3502 of FIG. 5 config-
ured to communicate with a GPS system 104 via a network
106. When GPS 1s disabled or unavailable, the automobile
system 502 may determine movement based on sensor data,
based on optical data (as generally indicated by arrows 604),
or any combination thereol and may update an indicator on
a digital map on the touchscreen interface within the auto-
mobile 502 to reflect the movement on the digital map.

FIG. 6 1s a diagram 600 of an embodiment of an interior
600 of the automotive system 3500 of FIG. 5. The interior
includes a dashboard, a steering wheel, gear shift mecha-
nism, air vents, and so on. In the center of the dashboard, the
interior 600 may include a touchscreen display 602, on
which a digital map may be displayed. In the illustrated
example, the digital map may include an object or feature,
such as a road 604 and an indicator 606 representing the
position of the vehicle. The position of the vehicle may be
a geophysical location that i1s correlated to the digital rep-
resentation of the area on the touchscreen display 602. The
touchscreen display 602 may further include user-selectable
clements, such as buttons 608, with which the user may
interact to update, reset, alter, or otherwise interact with the
digital map.

It should be appreciated that automotive systems currently
exist that utilize GPS data to update a visual indicator on a
digital map to reflect the position of the vehicle. However,
when GPS 1s no longer available, such existing systems can
no longer update the position information. However, the
automotive system 502 may continue to update the position

information based on the movement data from the sensors,
even when the GPS 1s not available.

In some embodiments, the digital maps may be stored in
memory or retrieved as needed. In some embodiments, the
digital maps may be pre-rendered to combine satellite and
clevation data of real terrain into a virtual three-dimensional
environment. The processor 404 may control presentation of
the digital map on the touchscreen 115, and may adjust a
position of an avatar (indicator) on the digital map and the
automotive system 300 moves, progressing the avatar accu-
rately using data input by physical measurement data (pace
count (speed), altitude, direction, and other data) for the
purpose of real world navigation. The automotive system
500 may utilize a “road lock™ feature, which may prevent the
processor 404 from plotting the avatar representing the
automotive system 500 “off road” during ordinary transits.
Any map and route information downloaded via GPS or
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other signals may be saved temporarily to the system 500, 1n
case the user wants to enter shadow mode, then may be
discarded upon completion.

While the examples of FIGS. 1-6 have been discussed
with respect to pedestrian and automotive travel, 1t should be
appreciated that the electronic devices, circuits, and methods
may be applied to other modes of travel, including water
transit, aerial transit, and so on. One example ol an aero-
nautical implementation 1s described below with respect to
FIG. 7.

FIG. 7 1s a block diagram of a system 700 including a
vehicle system configured to track movement on a digital
map, in accordance with some embodiments of the disclo-
sure. The system 700 may include one or more processors
702 coupled to a plurality of sensors 704 and to a memory
706. The system 700 may further include one or more
transceivers 708 coupled to the one or more processors 702.
The system 700 may also include a GPS circuit 710, a range
finding circuit 712, and one or more optical sensors 714,
which may be coupled to the one or more processors 702.

The memory 706 may store data and instructions that,
when executed, cause the one or more processors to deter-
mine movement of the acronautical vehicle system 700 and
to correlate the movement to map data to determine posi-
tional data. In some embodiments, the memory 706 may
store a plurality of maps 716, which may be topographical
maps ol areas over which the aeronautical vehicle 1s
expected to fly. The memory 706 may also include a
movement module 718 that, when executed, causes the
processor 702 to detect movement based on data from the
sensors 704. The sensors 704 may include a compass 724, an
airspeed sensor 726, gyroscopes 728, an altimeter 730 a
wind speed detector 732, and other sensors 734.

The memory 706 may also include a range finder module
720 that, when executed, causes the one or more processors
702 to control the range finder 712 to determine the range to
various features on the ground. The memory 706 may also
include a correlation module 722 that, when executed,
causes the one or more processors 702 to correlate the range
data, speed data, wind data, compass data, and other data to
determine a position of the aecronautical vehicle relative to
the ground and to determine the position of a digital avatar
relative to a digital map.

In some embodiments, the digital maps 716 may be
simplified to include features that are usetul for navigation
from the sky (such as roads, hills, mountain peaks, rivers,
corresponding elevation data, etc.) to maximize storage
capacity. The correlation module 722 may be executed by
the processor 702 to correlate optical data from optical
sensors 714 and other sensors 704 to features of a selected
digital map, which may allow the system 700 to correlate
maps to 1images ol major roads and landmarks and including
triangulation data from range finders, altitude information,
optical spacing between geophysical features (for example,
altitude information may be confirmed based on wvisual
dispersion of roads or objects and their known spacing).

Wing mounted wind sensors may read the speed of the
wind to determine airspeed. Additional, sensors may provide
data corresponding to any effect from cross winds. In some
embodiments, the sensors 704 may include gyroscopes 728
configured to read wing tilt, which may be checked against
a compass 724, while additional gyroscopes may be used to
read nose/tail tilt and may be checked against an altimeter
730. The mput data from various sensors, such as the sensors
704, the optical sensors 714, the range finder circuit 712,
other sensors, or any combination thereof, may be provided
to the processor 702, which may determine the progress of
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the aircraft. Further, the various inputs may also be provided
to the black box of the aeronautical vehicle so that loss of the
GPS signal will no longer affect the accuracy of flight
records.

In some embodiments, the optical sensors 714 may be
configured to be downward facing and side facing 1n order
to scan the terrain while a flight 1s 1n progress. As the other
inputs place the aircraft as accurately as possible, under clear
conditions, the optical data from the optical sensors 714 may
allow the processor 702 determine the position of the
acronautical vehicle based on the three-dimensional digital
map renderings based on actual elevation variances and road
systems of the terrain over which the flight 1s traveling. By
triangulation, the processor 702 may determine the position
precisely from actual ground features, such as detectable
landmarks (e.g., highways, rivers, mountains, etc.).

In some embodiments, the processor 702 may determine
lateral drift based on optical data from the optical sensors
714 and based on directional data from the compass 724.
The processor 702 may determine the lateral drift by com-
paring compass heading data with visual progress relative to
surveyed features of a known heading. The information may
be used to correct the heading based on the discrepancy
between visual direction of travel and surveyed terrain
features, such as coastlines, etc. Further, gyroscopic infor-
mation from gyroscopes 728 may detect wing tilt to steady
heading recognition and to automatically recalibrate the
compass 724. When the heading 1s steady, and the gyro-
scopic sensors 728 may indicate that the wing are shightly
canted, and the system 700 may recalibrate to recognize the
present wing tilt as “straight.” Further, nose/tail t1lt data may
be used to calibrate the altimeter 730. When there 1s no
altitude change occurring, and the gyroscopic sensors 728
indicate that the nose and tail are slightly canted, the system
700 may recalibrate to recognize the present tilt as
“straight.”

FIG. 8 1s diagram of a system 800 including an airplane
804 configured to track movement on a digital map, 1n
accordance with some embodiments of the disclosure. The
system 800 may include an aeronautical system 802, such as
the vehicle system 700 in FIG. 7. The airplane 804 may
include optical sensors 806, such as optical sensors 714 1n
FIG. 7, which may capture optical data of terrestrial features
ol the surface 810 within a field of view 808. The aeronau-
tical system 802 may determine a position of the airplane
804 by correlating terrestrial features to landmark features of
a digital map.

FIG. 9 1s a flow diagram of a method 900 of tracking
movement on a digital map, 1 accordance with some
embodiments of the disclosure. The method 900 can 1include
determining an initial position, at 902. In some cases, the
initial position may be determined using GPS coordinates
received by a GPS circuit 1n an electronic circuit. In other
embodiments, the initial position may be determined by
processing data from sensors and cameras, and calibrating
the data to known locations on a digital map. A digital map
corresponding to the initial position may be loaded and
displayed, at 904. In some cases, the digital map may be
manually loaded by a user, or automatically loaded by an
clectronic circuit. In some cases, a user may optionally
determine a destination at 906. The user may specily a
selected destination by entering text or by interacting with a
touchscreen to select a destination, and the electronic device
may determine and display a suggested route in response to
the selected destination.

The method 900 can include monitoring user movement
based on signals from one or more sensors, at 908. The
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method may then determine 11 the GPS 1s enabled, at 910. In
some embodiments, the electronic circuit may operate 1n a
shadow mode, such as when the GPS circuit 1s disabled or
GPS 1s unavailable. When the GPS 1s not enabled, the
method 900 can include determining movement relative to
the initial location based on movement and directional data
to produce adjusted data, at 918. In some cases, adjusted
data may be an updated position or location, which may be
correlated to a position on a digital map. In some embodi-
ments, the adjusted data may be determined based on speed
data, altitude data, directional data, other data, or any
combination thereof. Advancing to 916, the digital map may
be updated based on the adjusted data to display a position
of the device on the digital map. The method 900 then
returns to 908 to monitor user movement based on signals
from one or more sensors.

Returning to 910, when the GPS 1s enabled, the method
900 advances to 912 and an updated position may be
determined based on the GPS signals. In some embodi-
ments, the GPS signal may be intermittent or periodic, and
may not have taken 1nto account any movement of the user.
In some embodiments, the GPS signals may specily a
position within a range, which may be not be precisely
correct. Continuing to 914, the updated position may be
augmented with movement and directional data to produce
adjusted data. Advancing to 916, the digital map may be
updated based on the adjusted data to display a position of
the device on the digital map. The method 900 then returns
to 908 to monitor user movement based on signals from one
Or MOre sensors.

In some embodiments, the systems, circuits and methods
described above may be applied 1n a nautical implementa-
tion. In some embodiments, the boat may include the
circuitry of the electronic device 102 of FIG. 1. Further, the
boat may include relative wind and/or underwater sensors
configured to provide signal proportional to the speed of the
boat. The boat may include a compass, which may be a
gyroscopic X, v and z axis compass, and which may be
calibrated by GPS. In some embodiments, pitch and roll may
also be momitored and applied to calculate progress, based
on previously gathered data on the eflects of sea state, and
elliciency for a vessel of a specific size and type. Set and
driit tables may be applied to crosswind and current sensors,
which may provide continuous input to account for lateral
drift. In some embodiments, intermittent GPS fixes may be
used to correct other inputs when the GPS signal 1s good.

If a three-dimensional map representation ol the real
world 1s available (created from sensors or otherwise pro-
vided), and the system may match the position of an avatar
in the three-dimensional map to the user’s position 1n the
real world. In some embodiments, when the optical sensors
are engaged, and 1mages of the terrain ahead are captured by
the sensors, the electronic device may display route lines and
waypoint markers, which may be overlaid onto real terrain.

In some embodiments, three-dimensional geophysical
rectification of map data may be possible. In a particular
example, the optical sensors may capture images of the
landscape and may adjust the orientation of the digital
terrain of the digital map rendering to match the high points
of the actual terrain, and may adjust the user’s location based
on the relative perspective.

In some embodiments, the electronic device 102 may be
used to provide natural navigation. In certain embodiments,
the electronic device may utilize digitally overlaid sun
tables, altimeter, and clock data to derive a fix from the sun
in the daytime. The device’s optical sensors may be used to
detect the precise bearing and altitude of the sun. Accounting
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for 1ts own elevation above sea level, 1ts orientation and
angle, and the exact time of day, the electronic device may
apply the location of the sun to sun tables stored in memory
to determine the user’s rough latitude and longitude loca-
tion. Using digitally overlaid star tables, altimeter data,
gyroscopic data and clock data, the electronic device may be
able to determine the user’s position from the stars at night.
In some embodiments, the electronic device may include a
digital “celestial sphere” application, which may be oriented
by the user. Ideally, a very highly light sensitive optical
sensor may capture one or more images ol the night sky,
while oriented 1in known directions. In some embodiments,
the user interface may direct the user to orient the electronic
device for each snapshot. Taking into account its altitude,
angle, bearing and the time of night, the electronic device
may rotate the celestial sphere within the application to
match the orientation of the stars 1n the captured 1images and
may then generate the user’s location (in latitude and
longitude), based on the orientation of the sphere. In another
embodiment, the user may find a known star or constellation
in the night sky. The user may mput the name of the star or
constellation 1nto the application, preparing 1t for orienta-
tion. The electronic device may be pointed at the named star
or constellation to read 1ts own bearing and angle using the
optical sensors. The electronic device may then determine 1ts
own position automatically. The process may be repeated
with other stars or constellations to enhance accuracy.

The processes, machines, and manufactures (and
improvements thereof) described herein are particularly
useiul improvements for computing devices used for navi-
gation. Further, the embodiments and examples herein pro-
vide improvements in the technology of navigation systems,
and particularly those devices that may rely on GPS data,
which may be intermittently unavailable. In addition,
embodiments and examples herein provide improvements to
the functioning of an electronic device that provides navi-
gational assistance by utilizing motion sensors, optical sen-
sors, directional sensors, range data, or any combination
thereol, to determine a physical position of the device,
thereby creating a specific purpose computer by adding such
technology. The physical position data may be used to
update a digital representation of the position on a digital
map, even when GPS data 1s not available. Thus, the
improvements herein provide for technical advantages, such
as providing a navigation system that may operate in adverse
conditions, 1n remote locations, or even under ground. For
example, the systems and processes described herein can be
particularly useful to any systems 1n which a user may want
to explore an area that lacks GPS signal access. While
technical fields, descriptions, improvements, and advantages
are discussed herein, these are not exhaustive and the
embodiments and examples provided herein can apply to
other technical fields, can provide further technical advan-
tages, can provide for improvements to other technologies,
and can provide other benefits to technology. Further, each
of the embodiments and examples may include any one or
more improvements, benefits and advantages presented
herein.

The 1llustrations, examples, and embodiments described
herein are intended to provide a general understanding of the
structure of various embodiments. The 1llustrations are not
intended to serve as a complete description of all of the
clements and features of apparatus and systems that utilize
the structures or methods described herein. Many other
embodiments may be apparent to those of skill in the art
upon reviewing the disclosure. Other embodiments may be
utilized and derived from the disclosure, such that structural
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and logical substitutions and changes may be made without
departing from the scope of the disclosure. For example, 1n
the flow diagrams presented herein, in certain embodiments,
blocks may be removed or combined without departing from
the scope of the disclosure. Further, structural and functional
clements within the diagram may be combined, in certain
embodiments, without departing from the scope of the
disclosure. Moreover, although specific embodiments have
been illustrated and described herein, 1t should be appreci-
ated that any subsequent arrangement designed to achieve
the same or similar purpose may be substituted for the
specific embodiments shown.

This disclosure 1s intended to cover any and all subse-
quent adaptations or variations of various embodiments.
Combinations of the examples, and other embodiments not
specifically described herein, will be apparent to those of
skill 1n the art upon reviewing the description. Additionally,
the illustrations are merely representational and may not be
drawn to scale. Certain proportions within the illustrations
may be exaggerated, while other proportions may be
reduced. Accordingly, the disclosure and the figures are to be
regarded as 1llustrative and not restrictive.

Although the present mvention has been described with
reference to preferred embodiments, workers skilled 1n the
art will recognize that changes may be made in form and
detail without departing from the scope of the mmvention.

What 1s claimed 1s:

1. An apparatus comprising:

a circuit including:

a first mput to recerve motion data from a motion
SEensor;
a second 1put to recerve optical data from an optical
SEeNnsor;
a third mput to receive directional data corresponding
to the motion data;
an 1nput/output interface configured to provide data to
a display; and
a control circuit coupled to the first input, the second
input, the third mput, and the mnput/output interface,
the control circuit configured to:
determine a current position based at least 1n part on
the motion data and the directional data; and
update an indicator on a digital map provided to the
display based on the current position determined
from the motion data.

2. The apparatus of claim 1, wherein the control circuit 1s
coniigured to correlate image data from the optical sensor to
a feature i1dentifiable on the digital map to determine the
current position and to update the indicator on the digital
map based on the current position.

3. The apparatus of claim 1, wherein the control circuit 1s
configured to correlate movement data from the motion
sensor and the direction data to determine the current
position relative to an initial position and to update the
indicator on the digital map based on the current position.

4. The apparatus of claim 1, further comprising:

a global positioning satellite (GPS) circuit configured to

capture GPS data; and

the control circuit 1s configured to determine the current

position based on at least one of the GPS data and the
motion data.

5. The apparatus of claim 4, wherein the control circuit 1s
configured to:

calibrate the motion data using the GPS data during a first

mode; and

determine the current position based on the motion data 1n

a second mode.
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6. The apparatus of claim 4, further comprising an mput/
output (I/0) interface including at least one user-selectable
clement accessible by a user to selectively disable the GPS
circuit.

7. The apparatus of claim 1, further comprising:

an input/output (I/0) interface configured to couple to an

external device and to communicate data related to at
least one of the digital map and the current position to
the external device; and

wherein the external device comprises at least one of a

computing system, an automotive system, a nautical
system, and an aeronautical system.

8. A method comprising:

determining a current position based on data from at least

one of a motion sensor and an optical sensor of an
apparatus; and

updating an indicator representing the current position on

a digital map provided to a display associated with the
apparatus in response to determining the current posi-
tion.

9. The method of claim 8, further comprising:

determining an 1nitial position using global positioning

satellite (GPS) coordinates from a GPS circuit of the
apparatus; and

determining the digital map from a plurality of digital

maps 1n response to determining the initial position
using a control circuit of the apparatus.

10. The method of claim 9, wherein determining the map
comprises retrieving one or more maps from a memory 1n
response to determining the initial position.

11. The method of claam 8, wherein determining the
current position COmprises:

receiving motion data from the motion sensor;

receiving directional data from a compass; and

determining the current position based on the motion data
and the directional data.

12. The method of claim 8, wherein updating the indicator
representing the current position comprises:

correlating the current position to the digital map; and

updating the indicator in response to correlating.
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13. The method of claim 8, wherein determiming the
current position comprises:
recerving image data from the image sensor; and
identilying features within the image data that correspond
to features within the digital map to determine the

current position.

14. The method of claim 13, wherein i1dentifying the
features within the 1mage data comprises correlating the
features to corresponding features within the digital map.

15. The method of claim 8, further comprising;:

recerving an mnput to calibrate the current position to a

known feature within the digital map; and

updating the current position 1n response to receiving the

input.

16. A data storage device comprising instructions that,
when executed, cause a processor to:

determine a current position based on data from at least

one of a motion sensor and an optical sensor; and
update a position of an indicator on a digital map based on
the current position.

17. The data storage device of claim 16, further compris-
ing instructions that, when executed, cause the processor to:

determine an i1nitial position based on global positioning,

satellite (GPS) coordinates; and

determine the current position relative to the mitial posi-

tion.

18. The data storage device of claim 16, further compris-
ing instructions that, when executed, cause the processor to:

recerve global positioning satellite coordinates; and

calibrate the data from the at least one of the motion
sensor and the optical sensor 1n response to receiving,
the global positioning satellite coordinates.

19. The data storage device of claim 18, further compris-
ing instructions that, when executed, cause the processor to
selectively disable a global positioning satellite circuit.

20. The data storage device of claim 16, further compris-
ing instructions that, when executed, cause the processor to
communicate with a vehicle system associated with at least
one of a car and a boat.
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